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L'invcatian conceme un proc6l£ ci un diipotiiif pour oiber un puiii. ooumment un puUs de foiif c ptortier. ou une canalisation au 
moycn d*une prtfofme tubulaire louple. dwnnable in situ, avoc introduction de U prtfonnc dam Ic puiu cu dans la canalisation I riui 
loQgitudinalanem itplii. pvU d6ptiement par fooflage hydnulique de la prefonne et application de u puot centre telle du puiu ou de la 
caniliation. ct enfin durcissement de U prdfonnc. Confonnanem I rinvtntion. U prtfonne (!) est ins^i^e dans in founeau amovit>]e (6) 
qui est rigide ou semi-riiide en direction longitudinale. mais est d^fonnablc ndialemenu et ta mise en place de U pftfforme dans le puiti 
ou la canalisation se hit alon quelle est contesue dans son founeau (6). ce dernier tent sdpait de U pi^onne et letiit du putts ou de la 
canalisaiion an fin d*op<ntion. TXibage des puiu et des eaaalisaiions. m6ine fortement d^vids, oocammenc dans Tlndustrie ptootiiie 
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PROCEDE ET DISPOSITIF POUR TUBER UN PUITS. NOTAMMENT 
UN PUITS DE FORAGE PETROLIER. OU UNE CANALISATION, 
AU MOYEN D'UNE PREFORME TUBULAlRE SOUPLE, 
OURCISSABLE IN SITU 

La pr^ie invention oonceine un proc6d6 pour tuber un puits. notammeni 
uo puits de foiage p^trolier. ou une eamiisation. telle qu'un gazoduc ou un oldoduc par 
exemple. au moyen d'line prffonne tubulaire souple. durcissable inatu. par exemple 
thermodurcissable. 

L'invention conceme <<galement un dispositif permetiant de metire en 
oeuvreceprocfdd 

Dans la pnfsente description, ei dans les revendications. on entendra par le 

terme -tuber" Taction de consolider un puits. ou une canalisation, notammeni en vue de la 
rtparer. en en revSianl la paroi d 'un tube rigide. encore appeld tubage ou chemisage. 

Par le lermc "prfforme" on entendra une structure tubulaire qui est 
inittalemenl souple et diformable et qui. une fois placdc dans la zone du puiu a consoli- 
der. est mise en forme cylindriquc. appliquec contre la paroi du puits ou de la canalisa- 
tion, puis durcic pour sc lier intimement et H demeure h cetle paroi. constituant ainsi le 
tubage ou chemisage. 

Pour Ic tubage d'un puits de forage p<£trolicr. ainsi que pour des applica- 
uons similaires. il a Oeji Hi proposd des prdformes tubulaires souples et durcissables 
dcsun^es 4 €tre mises en place 4 I'ftat replitf longitudinalcment - eiat dans lequet elles 
possidcnt un encombrement radial faible - puis h itrt d6pMts radialemeni. par applica- 
tion d un gonnagc hydraulique interne. Selon cene technique, qui est noiamment ddcritc 
dans les documents FR-A-2 662 207 et FR-A,2 668 241. la priforme posside apr*s 
dipliemenKou diploiement) radial, unefoime sirictement cylindrique, de diamiire bien 
dAemiintf. 

Un autre type de pr^formc connu. qui fait notamment lobjet de la 
demande de brevet intemationale WO-94/25655. au nom de la demanderesse. possWe 
une structure tubulaire qui comprend un tressage de miches souples. composies dc 
fibres, qui s'entrccroisent avec un certain jeu. de sorte que la structure peui s'expanscr 
radialement tout en se restreignant en direction a.xiale sous I'effet de Papplication d'une 
surpression ik I'inttfrieurde la prf forme. 

Ainsi. rexpansion de la priforme peut se faire en deux <tapes successives 
d'abord par ddpliement, puis par expansion radiale ; on obUent ainsi un dtgri d ex- 
pansion "CMement supdrieur 4 ceux obtenus avecles prtfonnes souples mentio„n(5es plus • 
haul, ce qu, pcrmet d'introduirc la prrffonne dans le puits h tuber, et I amencr en la zone 
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souhait6e. en la faisant traverser des ouvertures de faibie dimension^ par exempic des 
conduits rigides dijk en place dans le puits, a>'ant un plus petit diam^tre int^rieur. 

Cette technique connue est tr^s int^ressante. dans la mesure ou elle permet 
de boucher des perforations apparaissani dans un puits de production, sans qu*ii faille 
5 retirer le tubage d€jk en place, et par consequent sans le puits*'. 

II est apparu ndanmoins des dtfficultds pour meitre en oeuvre cette 
technique lorsque le puits est fonement dtfvie. c*est-^-dire posside un axe formant un 
angle ^16%'^ par rapport ^ la venicale. voire est hocizontal. 

En effet, lorsque le puits est verticals ou sensiblemeni vertical, la prdformc 
10 est naturellement lectiligne (sous Teffet de la gravitd) et elle descend regultirementdans le 
puits au cours de sa mise en place. Toutefois, elle risque d*etre endommagfe par suite des 
rrottements conire les parois du puits ou les diffdrentes restrictions se trouvant sur son 
passage. 

En outre, si le puits est d^vi^, ou pr^sente des coudes, la pr^forme se 
15 d^forme en raison de sa souplesse, et se positionne incorrectement dans 1 *a.\e du puits, ce 
qui provoque des frottements, voire des risques de blocage au cours de son enfoncement. 

La mise en place de la pr^forme dans un puits fortement d6v'i6 ou 
horizontal est done ddicate, et mftme impossible dans certaines configurations. 

L*invention vise ^ r^soudrc ce probl^me, en proposant un proc^d^ de 
20 lubage d*un puits ou d*une canalisation au moyen d*une pr^forme tubulaire souplc. 
durcissable in situ , qui puisse ^galement s'appliquer sans problfemes i des puiis ou des 
canalisations non vcrticaux ou ayant une surface int^rieure risquant d'endommagcr la 
prdforme. 

Comme dans les procddds connus, on introduit la pr^ronme dans le puits 
25 ou la canalisation k Tetat longitudinalement replid, puis - torsqu*elle y a €i6 correctement 
positionnce > on la ddplie par gonflage hydraulique pour lui donner une forme sensible- 
ment cylindrique, on Tapplique contre la paroi du puits ou de la canalisation, et on 
provoque le durcissement de sa paroi. 

Le proc6d€ qui fait Tobjet de Tinvention est remarquable par le fait 
30 qu*avant d*introduire la pr^rorme dans le puits ou la canalisation, on Tinsere (provisoire- 
ment) dans un founeau amovtble« qui est rigide ou semi-rigide en direction longitudinalc, 
mats est ddformable radialement, ei qu*on met en place dans le puits ou la canalisation la 
prdforme contenue dans son fourreau. ce dernier ^tant ensutte • en cours d*operation - 
seprd de la pr^forme puis - en fin d*op6ration retire du puits ou de la canalisation. 
35 La pr^forme se trouve done prisonni6re du fourreau, et soutenue par lui, 

durant toute la phase de sa descente dans le puits ou la canalisation. Ainsi cette dcscentc 
se fait sans difficultds, meme si Ic putts ou la canalisation est fortement ddvie, voire 
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horizontal, ou pr6sente une surface de paroi risquant d'abimcr la prtforme. De ptifirtnct 
le founeau pr&ente une cenaine nexibiliK. qui autorise des paicouis courbes ou coudes. 

Dans un mode preferentici du proc&J^. on insure la prffonne partiellement 
dans le fourreau. de telle sorte que son extremi ti libre lessorte de celui-ci sur une cenaine 
longueur. 

Dans ce cas. dans un premier temps on d^plie ladialemenl uniquemeni la 
poruon de prtforme qui dtfpasse du founeau. et on I 'applique contre la poroi du pui ts ou 
de la canalisation pour obtenir une rone d'ancrage, aprts quoi on extniil le founeau par 
traction vers ranifcre (c'est-4.<lire vers la sortie du puits). 

Ce proctfdtf s'applique particuliirement bien h une prtfonne qui. apris 
dfpliement rad.al. et mise en fornie cylindrique. est expansible ladialement par gonnaw 
hydraulique. 

Dans ce cas. la ASsolidarisation de la prifonne par rapport au founeau 
s opire avantageusement par suite du d^pliement radial de la portion de la prtforme 
contenue dans le founeau. aprte quoi s'opfcrent successivement le relrait du founeau et 
I expansion radiale de cetle meme portion. 

L'invenlion concenie dgalement un dispositif pour tuber un puits 
notamment un puits de forage p<tn)lier, ou une canalisation, au moyen d'une prdfonne 
tubulaire souple. dont la paroi est thennodurcissable irLSitu. crtte pr^fonnc dtant 
ladialement dcfonnable sous I 'effct d'une pression hvtJraulique interne entre un im rcpM 
longiiudinalement el uniitatd(fpli<< sensiblement cylindrique. 

Ce dispositif est remarquable par le fail qu'ii comporte un iquipcment de 

posedelap,<fonne.monttfikrexir<mil6d-uneiieedecommandetubulairedestintea<irc 
•ntroduue dans le puits ou la canalisauon depuis une tSte dc puits. cet iquipcment 
comprenanl : 

a) un outillage de pose et de contr6le portant la pnSfonne. apte k foumir & 
celle-ci le fluide hydraulique sous pression n&essaire k son d^pliement. et le cas 
echdant. k son expansion radiale. ainsi que I'inergie ihenniquc ndcessaire au durcissc- 
ment desa paroi : 

b) un founeau amovible solidaire de Textr^iM de la tige. k I'inKrieur 
duquel est ensen^e au moins partiellement la prtfonne. et qui esi rigide ou semi-rigide en 
direction longitudinalc. mais est ddfonnable radialement de sorte qu'il peut ttre letin! de la 
pi<forme lorsquc celle<i se trouve kl'6m d6jAi6. 

Par ailleurs. selon un cenain nombre de caractdristiques additionnelles 
a^-antageuscs. non limitaUves dc I'invention : 

- Ic founeau amovible est un tube fendu. apte k s'ouvrir pour iib<!rer la 
prcforme au cours de son d^pliement ; 
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- la pr^rorme csi solidaire d'un manchon inttfrieur afrachablc, Fadtaiement 
expansit^e pargonnage hydrauliquc. ^ rinttfrieurduqud est introduic le liqutde h\xlrauli- 
quc foumi par Pouiillagc dc pose el de conirtMe ci ser\'ant k dtfplicr la pr^forme. ce 
manchon ^tant d^gonfl^ et s6p^ri de la prtfonne, en fin d'opiration. puis rciirt du puiis 

5 ou dc la canalisation en meme temps que I *outillage ci le fourreau ; 

- ia prdfonne est thennodurcissable et, son chaufrage est rdalis6 par effet 

Joule, par rinterm&liaire d*un caWe dlectrique ddfonnablc. ce dernier itmi siocW sous 

un faible encombrement dans une douille qui est tnterpos6e entre l*extr^mit< de la tige de 

commande et routillage ec est solidaire dudit Touneau amovible ; 

JO - cc cable a une longueur sensiblement dgale k celle de la prffonnc mise en 

place ; 

* la prtf fonne est dutiable et radialement extensible ; 

- la prdforme comprend un iressage de mftches souples s'entrecroisant 
avec un certain jeu, de telle sorte qu*elle peut s'expanser radialement lout en se restrei- 

15 gnani en direction axiale. le maidriau constitutif de la prfforme 6tant une resine polymcrisa- 
ble k chaud, dans laquelle est noy^ Icdit tressage ; 

- le manchon int^rieur armchable, radialement expansible, comprend 
egalement (comme la prdforme) un tressage de mfeches souples enirecrois^es apies k 
s*expanser radialement lout en se restreignant en direction axiile, et qui sont emprison- 

20 nccs cnire des peaux inl^ricure et extcrieure souples, cenaines desdites mtehes ^tant 
rcmplac6cs par des fils conducicurs d'^lccincit^, apies k chauffer la pr^forme par effei 
Joule, qui sont connect6s «ectriquement audit cSble. 

D*auut»s canictdristiques ei avantages de Pinvention apparaitront dc la 
description el des dessins annexes qui en reprdscnient un mode de realisation preferentiel. 

-5 Sur les figures : 

- la figure I est une vue g6n^raie schdmaiique d'unc installation de tubage 
mettanten oeuvre le proc6d6 de Tinvention ; 

- la figure 2 est une vue gin6ralc, particllcmcnt coup^, dc rdquipement de 
pose dc la pr^forme ; 

^0 • *a figure 3 repr^sente un tressage de miches souples entrccroisees, 

constitutives de la structure de la pr^forme et du manchon qui sen a Texpansion de la 
pt^fonne ; 

- la figure 4 est une coupe transvcrsale schdmatique du manchon el de la 
prcfonne a 1 'dtat longitudinalement replies : 

• '3 figure 4A est une vue analogue k la figure 4. reprtfscnuinl Tcnsemblc a 

rcutddplic; 
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- la figure 4B est une vue analogue aux figures 4 et 4A. rcprcscntani 
I 'ensemble i I '^tat 6£p\ii et radialemeni expanse ; 

- la figure 5 est une vue sch6matique. en coupe longitudinale dc 
l-ensemWeconsUtud par la prdfonme et son manchon int^rieurarrachable : 

5 - la figure 6 est un detail k plus grandc fchelle de la zone de la paroi de la 

prtfforme et du manchon qui est rfftfienc^e VI 4 la figure 5 ; 

- les figures 7. 8. 9. 10. 12; 13. 14 et 15 sont des vues scWmatiques 
s.m.la.res 4 la figure 2. destines i illustrer les dilT^rentes Stapes successives de la mise 
en place d un tubage dans un puits de forage pdtmlier confomKment k f invention i 

10 I'aide del installauonde la figure 1; 

• les figures 11 et llA sont des coupes ttansversales correspondant 
respecuvementau plan de coupe XI de lafigure 7et XIA de la figure 10. ces vues etan. 
desunccs i illustrer la fayon dont la prtfonne se d&olidarise de son founeau lorsqu'elle 
passe der^uitrepWil'^tatcylindrique. 

A la figure 1, on a ddsigntf par la nifrfrence P la paroi d'un puits de forage 
P^irolicr. dont une rone C doit tub^e ; la paroi C est par exemple une canalisation 
peff oric. Pbur y accAler il faut passer dans une restriction R. 

L'insiallation de tubage. gtfn^ralement d&ignde par la reference 1 
comprcnd. dc manlire connue. une t6te de puits 12. une Uge de commande flexible et 
tubulairc 13 comportant un cSble <lectrique int<«rieur. un manchon de guidage 1 1 de cettc 
uge - couramment appeltf "sas" - ct un disposiUf 10 servant 4 pousscr la Uge 13 dans Ic 
. sas 1 1 ct dans le puits P. 

L-e.xt«{mit^ libre de la Uge de commande 13 est poun ue d un cquipemcnt 
de pose de la pnSfonne. nJf<5renctf 2. Cet dquipement est consUtuf essenUellemcnt d unc 
douillc cylindrique 4 fix^e 4 1 Wmitf libre de la tige 13. d'un fouireau rigldificatcur 6 
coaxial i la douille 4 et solidaine de cette dcmiire. d un ouUUage de pose et de conirftle 3 
log<J dans le founeau. et accol< i la douille 4. et d'une p,<forme souple 8 desUnAr -i 6ire 
mise en place dans le puits pour le consolider. 

La prtforme 8 est poitte par un manchon expanseur intdrieur anachable 9 
qu elle entoure. comme cela est ddji ccnnu par le WO.!M/25fi55 d^jlk ciUS et. comme cela 
sera decnt plus loin en r^f^rence notamment aax figures 5 et 6. fensemble prtforme 8 / 
manchon mti neur 9. iniUalement coherent, est rif6nnc€ 7. 

L'ensemble 7 est enserrtf dans le fourreau 6. et retenu par friction 4 

1 mtineurde celui-ci. Cetle friction mainUent ^galement rouUIlage 3 appliqu*. par sa face 
aniire. ranue la douille 4. 

Cet ensemble 7 est obtur6 k ses extrimit<s par des bouchons 9^ Le 
bouchon 92 toume vers I 'arriire. C s,-4-dire vers la sortie du puits. est tmverse par un 
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conduit 30 qui le relie ^ Toutillage 3. Ce dernier comprcnd des moyens aptes k refouler^ 
rintdrieur du manchon. via le conduit 30» un Huide sous*pression roumi au dispositif 
depuis la surface. c'esl-&-dire depuis la t£te de puits 12 au moyen dc la tigc de commande 
tubulairc 13, ou par pompage du liqutde du putts grflce k un dispositif de pompage 
5 concenu dans 1 *outillage 3. 

P^railleurs. Tinstallation comprend un cSble 6lecthque 5, qui passe dans 
la Uge tubulaiie 13. et est connect^e ^lectriquemenl h Poutillage 3. par Pintennddtaire d*un 
c&ble souple 50. Ce demier est enrould ou replid sur lui-mftme, pour prfsenter un Taible 
encombrement. et il est log6 dans une cavitd Tonnant rteptacle prd^-ue dans la douille 4. 

10 Les cables 5 et 50 servent k altmenter en diecuicild. via rouiillage 3, 

Tensemble prdforme - manchon expanseur intdrieur. afln d*y gdndrer par effet Joule la 
chaleur ntfcessaire au durcissement de la paroi de la priforme. comme cela sera expliqud 
plus loin, ainsi qu*^ foumir Tdnergie de pompage de Toutillage 3 et d'alimenter lous les 
syst^mes de contrMe ndcessaires 6quipant cet ouiillage. 

J 5 Bien entendu» le courant diectrique est foumi depuis la surface, a partir 

d*un gendrateur situe k Textdrieur du puiis, relid au cible 5 apr6s sa sortie du dispositif 
10. 

Comme on le voit sur la figure 2, 1 *ensemble 7 consume par le manchon 9 
et la prefonne 8 n*est pas complitement ins6rd k I *intdrieur du fdUiteau 6. 
20 On a d&ignd par la reference 71 la portion de cei ensemble qui se trouve a 

rintdrieur du fourreau, et par la rdfdrence 70 la portion depassante, exidrieure au 
fourreau. 

La panic e.vtdrieure a unc longueur Lo sensiblcmcnt plus petite que la 
longueur L| dc la partie intdrieure 71. A cet dgard, il convieni de remarquer que cetlc 
25 partie 7 1 a dt6 racoouicie artinciellement sur le dessin (Hgure 2). pour ne pas en affectcr la 
lisibilitd. 

A litre indicatif, la longueur Lo est de Tordre dc Im, la longueur Li de 
I 'ordre de 10 k 30m, el la longueur L2, qui connespond au resie de r^quipcmeni (douille 
4 el outillage 3), de I *ordre de 4m. 

30 Comme on le voit sur la figure 11, le fourreau 6 est une envcloppe 

tubulairc cylindriquc fendue. c*esi-a-dirc incomplfctemenl fcrmie. Cclle envcloppe, 
rcalisdc par exemple en mdtal ou en matiire plastique, possWe une certatnc rigidite 
longiiudinale, mais est facilcment ddformable radialcmenl dans le sens de son ou\ enure, 
comme on Ic comprend .ais6ment k la simple comparaison des figures 1 1 et 1 1 A. 

35 Dans une variante, on pourrait relier les bords en rjcgard de la feme dc 

renvcloppe par des attaches pouvant se rompre facilemenl au-dcia d'un certain seuil de 
prcssion interne. 



WOMai083 



PCT/FK9S/0I65I 



10 



IS 



20 



25 



30 



35 



De pn^r^rence. I 'enveloppe est lelativeinent nexiUe ce qui lui perniet. tout 
en rigidifiam convenablcmcnt I'ensemble 7 en direction axiale. de suivre des tnijecioircs 
non rectilignes (coudes et courbes). par deformation lat^rale. 

Dans rexemple illustrd aux figures 3 A 6. la pr^fonnc 8 ei le manchon 
int^rieur 9 possftdent tous deux une structure similaire. composfe d'un iressage de fibres 
souples entrecroisto tel que celui dicrit dans le document W094/25655 prtot^. 

Au besoin on pourra se reporter & celte publication, dont on considtf rera 
qu elle fait pattie de la pnfsente description pour rinieiprtiaiion de PArtide L.6I2-5. ler 
aiinda. du Code de la Propriety Intellectuelle. 

On rappelera. en rtftfrence i la figure 3, que les m&ches souples sont 
r^panies en deu.x siiries 700a et 700b entrelacies. formant une structure lubulairc 
ddbimable. 

La structure peut etre replite longitudinalement, puis - sous relTct d'une 
pression interne - fitre "mise au rond". c'est-a^i« conformfc en cylindre par ddpliement. 

Si elle est ensuite soumise k une pression interne plus 6\t\'it, on obscn e 
un deplacement relatif des deux series de miches. ce qui entralne simuluntfrnent une 
expansion radiate et un raccourcissement longitudinal de la structure. 

Les mtehes souples sont formto de fibres ayanl une bonne r&istance 
mccaniquc h. la traction, par exemple de fibres de carbone ou de verfe. et jouent le raie 
d'armaiure dtformable pour la pr^ forme et/ou pour le manchon expanseur de la pitffotmc. 

Les figures 4. 4A el 4B repr&entent respectivemenl Tensemble 7 a lYtat 
replid longitudinalement. pour pr&enter une dimension transversalc faible ce mcmc 
ensemble - r<5fdre«:< T - mis au rond. de diamfctre D,. et enfin ce mfeme ensemble 
- rfferencd T' - H V6m radialemeni expanaJ. de diamfttre Dj sensiblement supdrieur a D, . 

Le diamitre et I -expansibility ladiale de la pr«forme sont choisis pour que 
Di corresponde au diamitre de la zone & tuber. 

Comme le montrent les figures 5 et 6. la pr^forme tubulaire souple 8 
posside une paroi 82. en mati^re initialement fluidc. dans laquelle sont novees des 
structures tubulaires concentriques tressdes 700. La matiire fiuide est une resinc 
synthdtique. ihermodurcissable par polymerisation ft chaud. U preforme est pourx uc 
d'une peau ext<rieure 80 pnEsentant une face exieme munie de depressions 801 ei de 
reliefs 802 qui favorisentson ancrage contre la paroi du puits et am«iorenl r<tancheite. 

Le manchon intdrieur arrachable 9. qui est appeie "matrice" dans le WO- 
94/25655 dijk citd, possMe une peau interieure 91 et une peau exnSrieure 90. toutes deux 
en maicriau souple et eiastique. entre lesquels se trouvent la structure d<formable ircssee 
700. L'intcrface entre la peau exteme du manchon et la parol intirieure 91 de la prcfonne 
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8 est traits, par exemple par enduction de silicone, pour qu*il y ait peu d'adh^rence enirc 
ces deux parties. 

La prcformc 8 entoure intimemenl Ic manchon intdncur 9 qui, commc ddja 
dit, est obtur^ t ses deux extr^mites, de mani^re Blanche, par des bouchons 92. Le 

S manchon 9 est fix^ k la prdrorme 8 au moyen de manchettes d*extr£mit< 93. qui 
possident des zones affaiblies 94, susceptiUes de se rompre racilement L'introduction 
d'un nuide hydraulique k Pint^rieur du manchon. en vue de son gonilage el - correlative* 
ment du gonflage de la pr^rorme - se fait, comme d€}k dit, par une tubulure 30 qui 
d^bouche dans Ic manchon et une ou plusieurs ouvertures 300 de passage du nuide. 

10 L*outillage 3 comporte une ou plusieurs vannes appropri^es, pouvant cue 

commandoes depuis la surface, permettant d^effectuer le gonflage et le dOgonflage du 
manchon, en contr61ant la pression durani PopOration, ou un dispositir de pompage 
rOalisant la m£me fonction au moyen du liquide du puits. 

Certaines des mtehes 700 du manchon sont remplacees par des conduc> 

15 teurs Olecuiques (fils chaurfants) relics dlectriquement au cSble SO. Ainsi, le chauffage du 
manchon int^neur et, correlativement, de la prdforme peut etre command^ aussi depuis la 
surface, par alimentation dlectrique des c&bles 5 el 50. 

Nous allons maintenant ddcrire une operation de mise en place de la 
prdforme 8 dans une zone C du puits. 

20 L*enscmblc 7 fortnO par la prdforme et le manchon se trou> c 21 1 'dtai repli6 

longttudinalement. tel que celui represent^ au.\ Ttgures 4 el 1 1. Dans cet dtat, il s*inscht 
dans un cylindre de diam&tre Do correspondant senstblement au diam^ire intOrieur de 
Pcnveloppe fendue 6 (voir Tigure 1 1). 

Ce diamfetre Do est plus petit que le diam^tre des diffOrents conduits ou 

25 autres restrictions R situds dans le puits, en arri^re de la zone k tuber. 

Comme dijk dit, seule une partie dc longueur r^uite. en Poccurrence la 
panic 70, de Tcnsemble 7 ddpasse du fourreau 6. Par consequent, la pr^forme est 
soutenuc sur la plus grande partie de sa longueur et possMe (avec son fourreau) une 
rigiditc suffisante pour autoriser sa progression rOguIifere k Tinterieur du puits, meme si 

30 cdui-ci est totalement ou en partie d6\\€. 

La tele de pose 2. et la prOforme, vont done 6lrc poussccs par la ligc de 
commandc 13 dans le puits, et s'y enfoncer progressivement, comme cela est s>inboIis^ 
par la fli^che F aux figures 7 et 8. La lige creuse 13, de prOfdrcncc en acicr, poss^de une 
bonne rigidild axialc, qui lui permet de pousser sans problfeme la t£te 2 dans le puits. 

35 NOanmoins elle est suf fisamment flexible pour sui vre les coudes ou autres courbures du 
puits. 
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35 



La para dtt puits ou de la canalisation C preseme en une cena,nc zone des 
perforauons. ou autres ouveriures O. qu'on se propose de «couvrir par Ic tubage c est 
a-dire par la preforme polym^risrfe. 

On cesse denfonccr U t£ie 2 dans le puits. lor«,ue la partie d<passan.e 70 
5 amvc jusce au-ddi des ouvertures O. posidon qui coaespond A celle illustr^e i la figure 

Des moyens de conlrOle approprife. connus en soi. sent privus qui 
penneuent de rtaJiser ce bon posilionnemenL 

ftir gonnage hydraulique interne, la partie d<passanie 70. et cene pariie 
► seulemen^ est tout d'abord n.ise au rond. puis dila.6c radialcn,en,. pour prendre le 
diamilre Dj. qui conespond au diamitre int^rieur du puiis. 

Difrtrents moyens peuvent eire pr^vus pour que Je dtfplicment el 
I expansion radiale se fassent priorilaiiement sur la portion 70. 

Ainsi. par exemple. il est possible d'entourer la partie 71 par des liens 
ann«la.r«. dont la r^istance m^canique est suffisan.e pour empftcher le ddpliemem de 
cette portion sous I 'action d'une pression interne moder^e. mais tou.efois suffisante pour 
provoquer la dtformation de la portion libre 70. 

On obtient ainsi un ancrage de la portion 70 contre la paroi du puits en 
avant des perforations O (voir figure 9). *^ 

L'augmentation de la pression de gonfiage pmvoquc la rupture des liens 

figure lor """" ^-'^ 

Par suite de ce dipliement. le fourreau fendu 6 s'ouvre ct prend unc 

configuration en forme gtfn^ralede U. n£«ienc&6- it lafigure 1 lA. 

II reste solidaire. par son ex[remii6 arriiie. de la douille 4. 
Dans cette configuration, le fourreau est facilement exlractible. et pcut 
glisser sur la pr6forme mise au rond. par traction vers I'arriire. Cette tn^cion. sv.bolL 

par la nteheCilafigureUs'accompagned-unemisesous traction de la par.;edccSblc 

tubage. U retnut se fait facilement. car la pr^forme est ancrtfe dans le puits 

Une fois que le fourreau diformd 6' a 6i6 compl^tement retird dc la 
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Toulc la pr^rorme vicnl alors s'appliquer intiniemeni conire la paroi du 
putts C, en recouvrant les perforations O. 

De mantftre connue« tout en maintenant le manchon sous gonfiage 
hydraulique, on provoque alofs la polymerisation par erfet Joule de la rdsine constituant 
5 la pr^rorme, par alimentation dectiique des Tils chauffants pr^vus dans le manchon. 

A Tissue de la polymerisation, on ddgonfle Ic manchon 9. qui sc scpare de 
la prffonne durcie - devenue tubage 8* - par rupture des manchettes 93 (figure 14). 

On erfccnie ensuite une nouvelle traction G * sur la tige 13, laquelle est 
toujours solidaire de la douille 4 et du founeau ouven 6* ainsi que. par I 'intermddiaire du 
1 0 c&ble tendu 50. sur I 'outillage 3 et le manchon ddgonfie 9 (voir figure 1^. 

L'ensemble peut €tre ainsi retire du puits. 

Dirrerentes formes de fourreaux rigidificateurs amovibles pourraicnt eirc 
prevues ; ce Fourreau doit fitre d'une bonne rigidity longiiudinale tout en possddant la 
souplesse necessaire son passage dans un sas non rectittgne. II doit s*ou\ rir facilement 
15 pour libf rcr la preforme et son epaisseur doit ftre faible pour limitcr son cncombremenl 
radial. 

Par ailleurs il doit pouvoir se rcfermer lors de son passage k travcrs les 
restrictions R en vuc de son enlevement, gricc h une forme appropriec, par cxemple 
legerement oonique. 

^0 Le diametre et Taptitude ik la dilatation radiate de la preforme et. correiati ve- 

mcnt, du founeau scront chdsis en fonction des conditions reclicmcnt renconlrees. ci en 
paniculier du diamfctre de la lonc de puits k tuber. A tiirc indicalif. ci non limiuiif, la 
dimension diametrale Do dc ia preforme h Petal replie pourra cire do Tordre de 60 a 
100mm. son diamfttre Di "mis au rond" sera de Tordre de 90 i 150mm. ci son diametre 

25 Da a 1 *etat expanse sera de Pordre de 170 k 220mm. 

La technique qui fait Tobjet de la presente invention s*applique avantageu- 
scmcni k une preforme soupic k la fois depliable et radialement expansible ; on ne sortirait 
toulefois pas du cadre de rinvcnlion en Tappliquant k des preformcs simplcmeni 
depliabies, mais non extensibles telles que celles decrites par exemple dans les documents 

30 FR.A-2 662 207 et FR-A-2 668 241 dej^ dtes. 

La polymerisation dc la preforme n'est pas obligaioirement faiic par effel 
Joule. Elle pourrait etrc obtenue par d*autres moyens de chauffage^ en particulicr par 
introduction d'un liquide chaud dans la preforme. ce liquide pouvant du rcsie eire Ic 
meme que celui qui sen k la gonfler 

35 La portion d*extremiie libre de la preforme, desiinee k realiscr son ancrage 

initial, pourrait avoir une deformabilite plus grande que le rcsie de sa paroi, par e.xemple 
par adoption d'une epaisseur dc paroi plus faible ou du choix d'une maiifcre differente. 
Ceci permctttai t de s^aTfranchir des li ns de contention dont il a ete fait eiat plus haut. 



W 9MI083 



PCT/Flt9&0165l 



10 



15 



II 

REVENDiCATlQNS 

1 . Proc6d€ pour tuber un puits. notamment un puits dc forage pdtrolier. 
ou unecanalisalion, au moyen d'une prtfforme tubulaire souple. durcissabJe instu. selon 
lequel on introduit la pr^fonne dans le puits ou la canalisation k l €m longitudinalement 
rcplii. puis - loisqu'elle y a 6t£ correctement positionnde - on ia ddplie par gonHage 
hydraulique pour lui donner une forme sensiblement cylindrique, on I'applique conue la 
paroi du puits ou de la canalisation et on provoque le duictssement de sa paroi. caraci«tis£ 
par ie fait qu'avant d'introduirc la prtfonne (8) dans ie puits ou la canalisation, on 
rinsfcre dans un fourreau amovible (6). qui est rigide ou scmi-rigide en direction 
iongitudinale. mais est d^formable nadialeinent. ei qu'on met en place dans le puits ou la 
canalisation la pr^fomie (8) contenue dans son founeau (6). ce dernier Aani ensuite 
sdpart de la pr^fonne (S) et letirf du puits ou de la canalisation. 

2. Proc<d< selon la revendication 1, caract^stf par le fait que la prtforme 
(8) est ins^r^e parUellcmcnt dans le fourreau (6) de telle sorte que son extr^mittf libre 
rcssorte de eel ui-ci sur une certaine longueur (L©) . 

3 . Proc&J^ selon la revendication 2. caracKristf par le fait que dans un 
premier temps on dtfplie radialemem uniquement la portion de pr<forme qui d<fpasse du 
fourreau (6), et on 1 'applique centre la paroi du puits ou de la canalisation, pour obtenir 
une zone d'ancrage. aprts quoi on extrait le founreau (6) par traction (G) veis Tarridre. 

4. Proctfdtf selon Tune des revendications 1 a 3. caractiris^ par Ie fait 
qu'on utilise unc prtforme (8) qui. apris d.!pliement radial, et raise en forme cylindrique. 
est expansible radialemem par gonflage hydraulique. 

5 . Proc&id selon ia revendication 4. caract6ris6 par Ie fai t que la d<<solidah • 
sation de la pr^forme (8) par rapport au fourreau (6) s-opftre par suite du ddpliement 
radial dc la portion de la prrfforme contenue dans le fourreau (6). aprfcs quoi s'opftrent 

25 successivement rarrachement du fourreau (6) et I 'expansion radiaie de ladite portion dc 
prdfomie. 

6 . Dispositif pour tuber un puits, notamment un puits de forage ptflrolier. 
ou une canalisation au moyen d une prtfforme tubulaire souple. dont la paroi est 
thermodurcissable iajitu. cette prdfoime ^taat radialement dtfoimable sous rdTei d'unc 

30 pression hydraulique interne entre un 6m repli6 longitudinalement et un 6m diplU 
sensiblement cylindrique. caract^ris^ par le fait qu'il comporte un dquipement (2) de pose 
de la pnfforme (8). mont£ k I 'extr^miid d une tige de commande tubulaire ( 13) destinfc 4 
etre introduite dans le puits (P) ou dans la canalisation depuis une tSte de puits ( 12). eel 
^quipement comprenant : 



20 
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a) ua outillage de pose et de contrdle (3) portant la pr^fomie (8), apie k 
foumir i cdle-ci le fluidc hydraulique sous pression ndcessaire k son ddplicmcni, ei 
I *encrgie thermique n^oessaire au durcissement de sa paroi ; 

b) un fourrcau amovible (6) soltdaire de rextr^mil^ dc la tigc (13), k 
5 rintcricur duquel est ensemde au moins paniellement la prtforme (8), ci qui est rigidc ou 

semi-ngtde en direction longitudinale, mais est d^rormable Fadialement de sorte qu*il peut 
itrc retirf de la prdfonne (8) lorsque oeile-ci se trouve k I "6tal d6p\x€. 

7 • Dispositir scion la revendication 6. caractdrisd par le Tait que ledii 
fourreau amovible (6) est un tube Tendu, apte k s*ouvrir pour lib^rer la pr6forme (8) au 
10 coun de son dipliement 

8 . Disposiiif scion I'unc des revendications 6 ou 7. caracidris^ par le fait 
que la pr^rormc (8) est solidaire d'un manchon int^ricur arrachabic, radialement 
expansible, (9), k I'imdrieur duquel est introduit le liquide hydraulique foumi par 
routillage de tubage (3) cl servant k d^plier la pr^Fornic (8). ce manchon (9) ^tant 

15 d6gonn^ Cl s^pard de la pFfforme (8) en fin d'op^ration, puis retire du puits ou de la 
canalisation en mcmc temps que routillage (3) et le fourreau (6). 

9 . Dispositif scion Tune des revendications 6kS, caract^rise par le fail 
que la prtfforme (8) est thermodurcissable, son chauf fage ^ lant r^alis6 par cffet Joule par 
rintermcdiairc d*un dlble diectrique ddformable (50). ce demfer dtant stocks sous un 

20 faiblc encombrement dans une douille (4) qui est interposfe entre P extrdmttd de la tige de 
commandc ( 13) cl routillage (3) cl est solidaire dudit fourreau amovible (6). 

1 0. Dispositif scion la rcvcndicalion 9, caracl6ris6 par le fail que Icdit 
cSblc (50) a une longueur scnsiblcmcnt dgalc k cclie dc la prtffonne (8* ) mise en place. 

.11* Dispositif scion la revendication 10, caractdris^ par ie fait que la 
25 prf forme (8) est ddpliable et radialement extenstble. 

12. Dispositif scion la revendication lU caractdrisd par Ic fait que la 
prdforme (8) comprend un tressagc de m^hes souples (700) s*entrecroisant avcc un 
certain jeu, de telle sorte qu'clle peut s*expanser radialement tout en sc rcstrcignani cn 
direction axialc, le matdriau consiiiutif de la prdfoime diant une rdsine (82) polymerisablc 
30 k chaud« dans laquelle est noy€ ledit tressagc (700). 

13 i Dispositif scion Ics revendications 8 di 12 prises en combinaison, 
caracterisd par le fait que Icdit manchon (9) comprend dgalcment un tressagc de mfeches 
souples entrccroisdes (700) aptes k s'expanser radialement lout cn se rcstrcignani en 
direction axialc^ et qui sont emprisonnf cs entre des pcaux inl6ncurc (90) cl exicricurc 
35 (91) souples. certaines dcsdiics m^ches dtant remplacdes par des fils cpnducicurs 
d *dlcctricitd aptes k chauffer la prfforme par cffet Joule, qui sont connectds diectriquement 
audil cable (50). 
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METHOD AND DEVICE FOR CASING A WELL, 
PARTICULARLY AN OIL WELL BORE OR A PIPE, 
USING AN IN SITU CURABLE FLEXIBLE TUBULAR PREFORM 

The present invention concenns a method for casing a well, particularly an oil well bore or 
a pipe, such as a gas pipeline or an oil pipe line for example, using a flexible tubular preform that 
is curable in situ , for example by thermosetting. 

The Invention also concerns a device that enables this method to be Implemented. 

In the present description and in the claims, the term "casing" will be understood as being 
the action of strengthening a well, or a pipe, particularly for repairing it, and by lining the wall of a 
rigid tube, also called lining or cured-in-place pipe. 

The temn "prefonn" is understood as being a tubular structure that is initially flexible and 
defomnable which, once placed in the area of the well to be strengthened, is made cylindrical in 
shape, applied against the wall of the well or pipe, then hardened so that it binds closely to and 
remains on said wall, thus comprising the lining or cured-in-place pipe. 

For casing an oil well bore, as well as for similar applications, flexible curable preforms 
have already been proposed that are intended to be installed when longitudinally folded - a 
condition in which they take up a small amount of space radially - then are radially unfolded by 
application of an internal hydraulic inflation. According to this technique, which in particular is 
described in the documents FR-A-2 662 207 and FR-A-2 668 241 . the preform has a strictly 
cylindrical shape of specifically determined diameter after being radially unfolded (or deployed). 

Another known type of preform, which is the subject of the international patent application 
WO-94/25655. in the name of the applicant, has a tubular structure of braided flexible strands, 
composed of fibers, which are interiaced with a certain spacing so that the structure can be 
expanded radially while being restricted in the axial direction by the effect of the application of an 
overpressure inside the prefomn. 

Thus, the expansion of the preform can be done in two successive stages, first by 
unfolding, then by radial expansion. In this way a degree of expansion is achieved that is cleariy 
greater than those obtained with the above-mentioned flexible prefomis, which allows the prefonn 
to be inserted into the well to be cased, and to take it to the desired area 



wo 96/21 083 PCT/FR95/01 651 

2 

by making it pass through small openings, for example rigid conduits already in place in the well 
and that have a smaller inside diameter. 

This known technique is very attractive in that it makes it possible to plug holes that 
appear in a production well, without having to withdraw the casing already in place, and 
consequently without "killing the well." 

However, there are difficulties in implementing this technique when the well is highly 
deviated, that is, it has an axis forming a sharp angle to the vertical, and can even be horizontal. 

Indeed, when the well is vertical, or appreciably vertical, the preform is naturally 
rectilinear (under the effect of gravity) and it descends steadily down the well while it is being 
installed. However, rt risks being damaged by firiction against the walls of the well or from the 
various restrictions found in the passage. 

Moreover, if the well is deviated or has elbows, the preform is deformed because of its 
flexibility, and it is positioned incorrectly in the axis of the well, which causes friction and even risk 
of blockage when it is being sunk. 

The installation of a preform in a highly deviated or horizontal well is therefore awkward, 
and even impossible in certain configurations. 

The invention intends to solve this problem by proposing a method and device for casing 
a well or a pipe, using an in situ curable flexible tubular preform that can also be applied with no 
problem to non-vertical wells or pipes or those that have an interior surface that could risk 
damaging the preform. 

As with known methods, the prefomri is inserted into the well or pipe in the longitudinally 
folded condition. Then, when It has been properly positioned, it is inflated hydraultcally to give it 
an appreciably cylindrical form, it is applied against the wall of the well or the pipe, and its wall is 
cured. 

The method according to the invention is notable in that, prior to inserting the preform into 
the well or pipe, it is inserted (temporarily) into a removable sleeve that is rigid or semi-rigid in the 
longitudinal direction, but is radially deformable, and the prefomn contained in its sleeve is placed 
inside the well or pipe, said sleeve then, during the operation, being separated from the preform, 
and at the end of the operation, being removed from the well or pipe. 

The preform is therefore enclosed in the sleeve during the entire phase of the descent 
into the well or pipe. Thus, this descent is done without difficulty, even if the well or pipe is highly 
deviated, or even 
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horizontal, or has a wall surfac that risks ruining the preform. Preferably, the sleeve has a 
certain flexibility that nables it to follow curved or elbowed routes. 

In one preferential mode of the method, the prefomi is partially inserted into the sleeve so 
that its free end emerges from the sleeve a certain distance. 

In this case, at first only the portion of prefomn protruding from the sleeve is radially 
unfolded and applied against the wall of the well or pipe to obtain an anchoring area, after which 
the sleeve is extracted by drawing it back (that is, toward the well head). 

This method applies particularly well to a preform which, after being radially unfolded and 
given a cylindrical shape, is radially expandable by hydraulic inflation. 

In this case, the separation of the preform from the sleeve is performed advantageously 
after the radial unfolding of the portion of the preform contained in the sleeve, after which the 
withdrawal of the sleeve and the radial expansion of this same portion are performed 
successively. 

The invention also concerns a device for casing a well, particulariy an oil well bore or a 
pipe, using a flexible tubular preform, the wall of which is thermosetting in situ , this preform being 
radially deformable under the effect of internal hydraulic pressure between a longitudinally folded 
condition and an appreciably cylindrical unfolded condition. 

This device is notable in that it has equipment for installing the preform, mounted at the 
end of a tubular control shaft intended to be inserted into the well or the pipe from a wellhead, this 
equipment being composed of: 

a) an installation and control tool canrying the prefomi, suitable for providing the preform 
with the pressurized hydraulic fluid needed for its unfolding, and when applicable, its radial 
expansion, as well as the themial energy needed for the thermosetting of Its wall; 

b) a removable sleeve integral with the end of the shaft, inside which the preform is at 
least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is radially 
deformable so that it can be withdrawn from the prefomn when the latter is in its unfolded 
condition. 

Moreover, according a number of additional advantageous, non-limiting characteristics of 
the invention: 

- the removable sleeve is a split tube, capable of opening to release the preform during 
its unfolding; 
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- the preform is Integral with an interior extractable sleeve tube, radially expandable by 
hydraulic inflation, inside which is introduced the hydraulic liquid furnished by the installing and 
control tool and serving to unfold the preform, this sleeve tube being deflated and separated from 
the preform at the end of the operation, then removed from the well or pipe at the same time as 
the tool and the sleeve; 

- the preform is thennosetting and is heated by the Joule effect, by means of a 
deformable electrical cable that is stored in a small space in a shell that Is interposed between the 
end of the control shaft and the tool and is integral with said removable sleeve; 

- this cable has a length that is appreciably equal to that of the installed prefomn; 
-the preform is unfoldable and radially extendable; 

- the preform has a braiding of flexible strands that are Interlaced with a certain spacing, 
in such way that the preform can be radially expanded while being restricted in the axial direction, 
the material comprising the preform being a heat-curable resin in which said braiding is 
embedded; 

- the extractable interior sleeve tube, radially expandable, also (like the preform) has a 
braiding of interiaced flexible strands that can be radially expanded while being restricted in the 
axial direction, and which are enclosed between flexible interior and exterior skins, some of said 
strands being replaced by electrical conducting wires - that can heat the preform by the Joule 
effect - which are electrically connected to said cable. 

Other characteristics and advantages of the invention will appear from the description 
and the attached drawings that represent a preferential embodiment thereof. 
In the Figures: 

- Figure 1 is an overall diagrammatic view of a casing installation implementing the 
method of the invention; 

- Figure 2 is an overall view, in partial cross section, of the equipment for installing the 
preform; 

- Figure 3 represents a braiding of interiaced flexible strands that comprise the structure 
of the preform and of the sleeve tube that is used for the expansion of the preform; 

- Figure 4 is a diagrammatic transverse cross section of the sleeve tube and of the 
prefomi in the longitudinally folded condition; 

- Figure 4A is a similar view to Figure 4. representing the assembly in the unfolded 
condition; 
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- Figure 4B is a view similar to Figures 4 and 4A, representing the assembly in the 
unfolded and radially expanded condition: 

- Figure 5 is a diagrammatic view, in longitudinal cross section, of the assembly 
composed of the prefomi and its extractable interior sleeve tube; 

- Figure 6 is a larger scale detail of the area of the wall of the preform and of the sleeve 
tube that is referenced as Vi in Figure 5; 

- Figures 7, 8. 9, 10. 12, 13, 14 and 15 are diagrammatic views similar to Figure 2. 
intended to illustrate the different successive stages of the installation of a casing in an oil well 
bore according to the invention, by means of the installation of Figure 1; 

- Figures 11 and 11 A are transverse cross sections corresponding respectively to the 
cross section plane XI of Figure 7 and XIA of Figure 10. these views being intended to illustrate 
the way in which the preform is separated from its sleeve when it changes from the folded 
condition to the cylindrical condition. 

In Figure 1. the reference P designates the wall of an oil well bore, one section C of 
which must be cased; the wall C is for example a perforated bore. To access it. the restriction R 
must be passed through. 

The installation of casing, generally designated by reference 1. includes in a l<nown way 
a wellhead 12, a flexible tubular control shaft 13 having an interior electrical cable, a guide sleeve 
tube 1 1 for this shaft, and a device 10 used to push the shaft 1 3 into the guide sleeve tube 1 1 and 
into the well P. 

The free end of the control shaft 13 is provided with preform Installing equipment, 
referenced 2. This equipment is composed essentially of a cylindrical shell 4 attached to the free 
end of the shaft 13. a stiffener sleeve 6 coaxial to the shell 4 and integral therewith, an installation 
and control tool 3 housed in the sleeve and attached to the shell 4. and a flexible preform 8 
intended to be installed in the well in order to strengthen it. 

The prefomi 8 is carried by an extractable interior expander sleeve tube 9, which the 
prefbnn encloses, as is already known by WO-94/25655 as cited above and as will be described 
further on in reference particularly to Figures 5 and 6. The prefonn 8/interior sleeve tube 9 
assembly, initially coherent, is referenced as 7. 

The assembly 7 is enclosed in the sleeve 6 and held therein by friction. This friction also 
holds the tool 3. which is applied by its rear face against the shell 4. 

This assembly 7 is closed at its ends by plugs 92. The plug 92 oriented toward the rear, 
that is toward the wellhead, has a 
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conduit 30 passing through it which is connected to the tool 3. This tool has means capable of 
forcing back inside the sleeve tube, via th conduit 30, a pressurized fluid supplied to the device 
from the surface, that is, from the wellhead 12 by means of the tubular control shaft 13, or by 
pumping the liquid from the well by a pumping device contained in the tool 3. 

Moreover, the facility has an electric cable 5 which passes into the tubular shaft 13 and is 
electrically connected to the tool 3 by a flexible cable 50. The latter is wound or folded so that it 
takes up littJe space, and it is housed in a cavity formed in the shell 4. 

The cables 5 and 50 are used to supply electricity, via the tool 3, to the preform - Interior 
expander sleeve tube assembly. In order to generate by the Joule effect the heat required for 
curing the wall of the prefonn, as will be explained further on. as well as to fumish the pumping 
energy for the tool 3 and to supply all of the necessary control systems equipping this tool. 

Of course, the electrical current is supplied from the surface, by a generator situated 
outside the well, connected to the cable 5 after it exits the device 10. 

As can be seen in Figure 2, the assembly 7 composed of the sleeve tube 9 and the 
preform 8, is not completely inserted inside the sleeve 6. 

The reference 71 designates the portion of this assembly that is located inside the sleeve, 
and reference 70 designates the portion that protrudes outside the sleeve. 

The external part has a length U that is appreciably smaller than the length Li of the 
interior part 71, In that respect, it should be noted that this part 71 has been artificially 
foreshortened in the drawing (Figure 2), in order not to affect the legibility. 

By way of example, the length U Is on the order of 1 meter, the length Li on the order of 
10 to 30 meters, and the length La. which corresponds to the rest of the equipment (shell 4 and 
tool 3), on the order of 4 meters. 

As can be seen in Figure 1 1 , the sleeve 6 is a cylindrical tubular jacket that Is split, that is. 
not completely closed. This jacket, which for example can be made from metal or plastic, has a 
certain longitudinal rigidity, but is easily deformable radially in the direction of its opening, as can 
be easily understood by comparing the Figures 11 and 11 A. 

In one variation, the edges facing the split of the jacket can be joined by fasteners that 
can break easily when a certain threshold of internal pressure is exceeded. 
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Pref rably. the jacket is r latively flexibi , thus allowing It to follow non-rectilinear paths 
(elbows and curves) by lateral deformation, whil still advantageously stiffening the assembly 7 In 
the axial direction. 

In the example illustrated in Figures 3 to 6, the preform 8 and the interior sleeve tube 9 
both have a similar structure, composed of braided flexible interlaced strands as described in the 
above-mentioned document WO-94/25655. 

If needed, reference can be made to this publication, which shall be considered to make 
up part of this description by interpretation of Article L.612-5, 1st paragraph, of the Intellectual 
Property Code. 

It will be seen, in refenring to Figure 3, that the flexible strands are distributed in two 
interlaced series 700a and 700b, forming a deformable tubular structure. 

The structure can be folded longitudinally, then ~ under the effect of an internal pressure 
- "made round," that is, formed into a cylinder by unfolding. 

If it is then subjected to a higher Internal pressure, a relative displacement is observed of 
both series of strands, which simultaneously results in a radial expansion and longitudinal 
shortening of the structure. 

The flexible strands are formed from fibers having good mechanical tensile strength, for 
example carbon or glass fibers, and they act as deformable reinforcement for the prefonn and/or 
for the preform's expander sleeve tube. 

Figures 4, 4A and 4B represent respectively the assembly 7 in the longitudinally folded 
condition in order to have a small transverse dimension, this same assembly - referenced T - 
made round with diameter Di, and finally this same assembly - referenced 7" - in the radially 
expanded condition with diameter D2 appreciably greater than Di. 

The diameter and the radial expandability of the prefomi are chosen so that D2 
corresponds to the diameter of the area to be cased. 

As Figures 5 and 6 show, the flexible tubular prefonm 8 has a wall 82, made of a material 
that is initially fluid, in which braided concentric tubular structures 700 are embedded. The fluid 
material is a synthetic resin that is thermosetting by the heat-cure method. The preform is 
provided with an external skin 80 having an exterior face furnished with depressions 801 and 
reliefs 802 which promote its anchoring against the wall of the well and improve the seal. 

The extractable interior sleeve tube 9, which is called "matrix" in the above-mentioned 
WO-94/25655. has an interior skin 91 and an exterior skin 90, both of which are made of a 
flexible and elastic material, between which the braided deformable structure 700 is located. The 
interface between the external skin of the sleeve tube and the interior wall 91 of the preform 8 



wo 96/21 083 PCT/FR95/01 651 

8 

is treated, for example by coating with sitlcone, so that there is little adher nee between these two 
parts. 

The preform 8 closely surrounds the internal sleeve tube 9 which, as already mentioned, 
is sealably closed at both ends by plugs 92. The sleeve tube 9 is attached to the preform 8 by 
means of end collars 93. which have weakened areas 94 that can break easily. The Introduction 
of a hydraulic fluid into the sleeve tube in order to inflate it - and correlatively to inflate the 
preform - is accomplished, as was already mentioned, by tubing 30 the end of which opens into 
the sleeve tube and one or more fluid passage openings 300. 

The tool 3 has one or more suitable valves that can be tontrolled from the surface, 
making it possible to inflate and deflate the sleeve tube by controlling the pressure during the 
operation, or a pumping device performing the same function by means of the well liquid. 

Some of the strands 700 of the sleeve tube are replaced by electrical conductors (heating 
wires) electrically connected to the cable 50. Thus, the heating of the intemal sleeve tube, and 
correlatively of the prefomn, can also be controlled from the surface by electrical supply of the 
cables 5 and 50. 

We shall now describe an operation to install the preform 8 in a section C of the well. 

The assembly 7 formed by the preform and the sleeve tube is in the longitudinally folded 
condition, as represented In Figures 4 and 11. In this condition, it represents a cylinder with a 
diameter Do that appreciably conresponds to the inside diameter of the split jacket 6 (see Figure 
11). 

This diameter D© is smaller than the diameter of the different conduits or other 
restrictions R located in the well, behind the area to be cased. 

As was already mentioned, only one part of the reduced length, in this instance the 
part 70, of the assembly 7 protrudes from the sleeve 6. As a result, the preform is supported for 
most of its length and it has (with its sleeve) sufficient rigidity to allow it to progress steadily inside 
the well, even if the well is totally or partially deviated. 

The installation head 2, and the preform, are therefore going to be pushed by the control 
shaft 13 In the well, pushing in progressively as symbolized by the arrow F in Figures 7 and 8. 
The hollow shaft 13. preferably of steel, has good axial rigidity which allows it to push the head 2 
in the well with no problem. However, It is sufficiently flexible to follow the elbows or other curves 
of the well. 

The wall of the well or pipe C has a certain area of perforations, or other openings O, that 
are to be covered by the casing, that is. the cured preform. 

The pushing of the head 2 into the well is stopped when the protruding part 70 reaches 
just beyond the openings O, which position con-esponds to the one illustrated in Figure 8. 

Appropriate means of control, known in the art, are provided in order to accomplish this 
proper positioning. 
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By internal hydraulic inflation, the protruding part 70, and only this part, is first rounded 
out. then radially expanded to the diameter Dj, which corresponds to the inside diameter of the 
well. 

Different means can be provided in order for the unfolding and radial expansion to be 
accomplished first on the portion 70. 

Thus, for example, it is possible to enclose the part 71 by ring-shaped ties the 
mechanical strength of which is sufficient to prevent the unfolding of this portion under the action 
of a moderate internal pressure, but still sufficient to cause the deformation of the free portion 70. 

Thus an anchoring is obtained of the portion 70 against the wall of the well, in front of the 
perforations O (see Figure 9). 

Increasing the inflation pressure causes the breakage of the ring-shaped ties that contain 
the portion 71. Thus, a radial unfolding and rounding of the preform portion 71 is achieved, which 
has a diameter (see Figure 10). 

Following this unfolding, the split sleeve 6 opens and takes a generally U-shaped 
configuration, referenced as 6' in Figure 11 A. 

It remains integral, by its rear extremity, with the shell 4. 

In this configuration, the sleeve is easily extractable and can slide on the rounded 
preform by pulling it backwards. This pulling, symbolized by the an-ow G in Figure 12. is 
accompanied by placing the part 50 of the cable under tension. 

The complete tensioning of the cable 60 corresponds to the complete withdrawal of the 
sleeve, the length of the cable being chosen to correspond to the length of the casing. The 
withdrawal is done easily because the preform is anchored in the well. 

Once the deformed sleeve 6' has been- completely removed from the preform, the 
infiation pressure is increased to cause the complete radial expansion of the assembly 7. which 
assumes the diameter (Figure 13). while becoming shorter axially. 
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The whole of th preform is then applied closely against th wail of th well C, covering 
the perforations O. 

In a known way, while maintaining the sleeve tube under hydraulic inflation, the Joule 
effect is used to cure the resin the preform is made of, by supplying electricity to the heating wires 
provided in the sleeve tube. 

Upon completion of the curing, the sleeve tube 9 is deflated and separated from the 
hardened preform - which has become casing 8' ~ by breaking the collars 93 (Figure 14). 

New tension G* is then placed on the shaft 13. which is always integral with the shell 4 
and the open sleeve 6' so that, by means of the tightened cable 50 on the tool 3 and the deflated 
sleeve tube 9 (see Figure 15). 

The assembly can thus be removed from the well. 

Different fomis of removable stiffener sleeves could be provided; this sleeve should have 
good longitudinal rigidity while having the necessary flexibility for passing through a non- 
rectilinear chamber. It must open easily to release the prefonn. and its thickness must be small to 
limit the amount of radial space it requires. 

Moreover, it must be able to close up during its passage through the restrictions R in 
order to remove them, due to an appropriate shape, for example slightly conical. 

The diameter and the suitability for radial expansion of the preform, and correlatively of 
the sleeve, will be chosen based on the conditions actually encountered, and in particular on the 
diameter of the area of the well to be cased. By way of non-limiting example, 'the diameter Do of 
the preform when folded may be on the order of 60 to 100 mm, its "rounded" diameter Di will be 
on the order of 90 to 150 mm. and its expanded diameter Dj will be on the order of 170 to 220 
mm. 

The technique covered by the present invention is applied advantageously to a flexible 
preform that can be both unfolded and radially expanded; however, it would not be beyond the 
scope of the invention to apply it to prefonns that can simply be unfolded but can not be 
expanded, such as those described, for example, in the above-mentioned documents 
FR-A-2 662 207 and FR-A-2 668 241 . 

The curing of the preform is not necessarily done by the Joule effect. This could be 
achieved by other heating means, in particularly by introducing a hot liquid into the preform. This 
liquid could be the remainder of the liquid used to inflate. 

The portion of the free end of the preform, intended to provide for its initial anchoring, 
could have a greater deformat)ility than the rest of its wall, for example by adopting a lesser wall 
thickness or choosing a different material. This would make it possible to release the ties 
mentioned above. 



wo 96/21083 



11 



PCT/FR95/01651 



CLAIMS 

1. Method for casing a well, particularly an oil well bore or a pipe, using an in situ curable 
flexible tubular preform, according to which the preform is introduced Into the well or pipe in the 
longitudinally folded condition, then - when it has been properly positioned - it is inflated 
hydraullcally to give it an appreciably cylindrical fomfi. it is applied against the wall of the well or 
the pipe, and its wall is cured, characterized by the fact that prior to inserting the prefbmi (8) into 
the well or the pipe, it is inserted into a removable sleeve (6) that Is rigid or semi-rigid in the 
longitudinal direction but Is radially deformable. and the prefonn (8) contained in its sleeve (6) is 
placed inside the well or pipe, said sleeve (6) then being separated from the preform (8). and 
removed from the well or pipe. 

2. Method according to claim 1. characterized by the fact that the preform (8) is partially 
inserted into the sleeve (6) so that its free end emerges therefrom a certain distance (U). 

3. Method according to claim 2. characterized by the fact that at first only the portion of 
preform protruding from the sleeve (6) is radially unfolded and applied against the wall of the well 
or pipe to obtain an anchoring area, after which the sleeve (6) is extracted by drawing (G) it back. 

4. Method according to any of claims 1 to 3, characterized by the fact that a preform (8) is 
used that, after being radially unfolded and given a cylindrical shape, is radially expandable by 
hydraulic inflation. 

5. Method according to claim 4, characterized by the fact that the separation of the 
preform (8) from the sleeve (6) is performed after the radial unfolding of the portion of the preform 
contained in the sleeve (6). after which the stripping of the sleeve (6) and the radial expansion of 
this same portion of the prefonm are performed successively. 

6. Device for casing a well, particularty an oil well bore or a pipe using a flexible tubular 
prefomi the wall of which is thermosetting msltu, this prefonn being radially deformable under the 
effect of internal hydraulic pressure between a longitudinally folded condition and an appreciably 
cylindrical unfolded condition, characterized by the fact that it has equipment (2) for installing the 
preform (8), mounted at the end of a tubular control shaft (13) intended to be Inserted into the well 
(P) or the pipe from a wellhead (12). this equipment being composed of: 
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a) an installation and control tool (3) carrying the preform (8), suitable for providing the 
preform with the pressurized hydraulic fluid needed for its unfolding and the thermal energy 
needed for the thermosetting of its wall; 

b) a removable sleeve (6) integral with the end of the shaft (13). inside which the prefonn 
(8) is at least partially confined, and which Is rigid or semi-rigid in the longitudinal direction, but is 
radially defonnable so that it can be withdrawn from the prefomi (8) when the latter is in its 
unfolded condition. 

7. Device according to claim 6. characterized by the fact that the removable sleeve (6) is 
a split tube, capable of opening to release the prefonn (8) during its unfolding. 

8. Device according to either of claims 6 or 7. characterized by the fact that the prefomi 
(8) is Integral with an interior extractable radially expandable sleeve tube (9). inside which is 
introduced the hydraulic liquid furnished by the casing tool (3) and serving to unfold the preform 
(8), this sleeve tube (9) being deflated and separated from the preform (8) at the end of the 
operation, then removed from the well or pipe at the same time as the tool (3) and the sleeve (6). 

9. Device according to any of claims 6 to 8. characterized by the fact that the preform (8) 
is thermosetting and is heated by the Joule effect, by means of a defonnable electrical cable (50) 
that is stored in a small space in a shell (4) that is interposed between the end of the control shaft 
(13) and the tool (3) and is integral with said removable sleeve (6). 

10. Device according to claim 9, characterized by the fact that the cable (50) has a length 
that is appreciably equal to that of the installed preform (8 ). 

11. Device according to claim 10. characterized by the fact that the preform (8) is 
unfoldable and radially extendable. 

12. Device according to claim 11. characterized by the fact that the preform (8) has a 
braiding (700) of flexible strands that are interfaced with a certain spacing, in such way that the 
prefonn (8) can be radially expanded while being restricted In the axial direction, the material 
comprising the preform being a heat-curable resin (82) in which said braiding (700) is embedded. 

13. Device according to claims 8 to 12 taken in combination, characterized by the fact 
that the said sleeve tube (9) also has a braiding (700) of interlaced flexible strands that can be 
radially expanded while being restricted in the axial direction, and which are enclosed between 
flexible Interior (90) and exterior (91) skins, some of said strands being replaced by electrical 
conducting wires that can heat the preform by the Joule effect, whk:h are electrically connected to 
said cable (50). 
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